


Plates 

Methodology Used to Generate Maps, Cross Sections, and Stream Profiles 

Plates 2 through 7 illustrate the distribution and seasonal fluctuation of groundwater 
levels within the surficial deposits at Rocky Flats during 1993. Plates 2 and 3 present 
the potentiometric surface within the surficial deposits during the second and fourth 
quarter, respectively; Plates 4 and 5 present the saturated thickness of the surficial 
deposits during the 2nd and 4th quarter, respectively; Plate 6 presents the saturated 
thickness difference within the surficial deposits during 1993. Plate 7 presents the 
average depth to groundwater during 1993. Only surficial deposit wells were used to 
generate the plates. Censorship of the data excluded wells screened across the surficial 
deposithedrock contact with the screen extending more than 2 feet into bedrock and 
the spurious water levels reported in Table C-1. Groundwater level measurements at 
RFETS are taken within the first ten days of each quarter. Groundwater level 
measurements recorded during the first ten days of the second and fourth quarters of 
1993 were used to generate Plates 2, 3, 4, and 5. Occasionally, more than one water 
level measurement was recorded for an individual well during the first ten days of the 
quarter. When this occurred, the first recorded groundwater level measurement was 
used. This allowed comparison of values from different wells so as to provide a “snap 
shot” of the groundwater potentiometric surface. All groundwater level measurements 
recorded during 1993 were used to calculate the average depth to .groundwater and 
saturated thickness difference values for Plates 6 and 7. Methods used to construct 
these plates are summarized below. 

Unsaturated areas were delineated using corresponding seasonal well data, site 
specific operable unit report information, and the Bedrock-Surface Elevation Map 
(Plate 4-4, EG&G, 1995b). Seep areas (Plate 9) were based on published 
information (Wetlands Assessment - Rocky Flats site (ASI, 1990), Surficial 
Geologic Map of the Rocky Flats Site (Plate 4-1, EG&G, 1995a), aerial 
photography, and field inspections (conducted in July and August of 1994). 

Plates 2 and 3 present the potentiometric surface within unconsolidated surficial 
deposits for the second and fourth quarter of 1993, respectively. Water-level 
measurements recorded below the bottom of the screen were excluded from the 
data set. Potentiometric surface contours were drawn using well data, topographic 
control, seep information, and site-specific operable unit potentiometric surface 
information (OUl Phase III RFI/RI Report [EG&G, 1994~1); Draft Final Phase I 
RFI/RI Report OU4 (DOE, 1994b); Phase IT RFI/RI Report, 903 Pad;Mound and 
East Trenches Area, Operable Unit No. 2, Preliminary Draft (DOE, 1993a); 
Proposed Interim Measureshterim Remedial Action Decision Document for the 
Rocky Flats Industrial Area ([DOE, 1994hl). 

Plates 4 and 5 present ‘the saturated thickness of the unconsolidated surficial 
deposits for the, second and fourth quarter of 1993, respectively. Saturated 
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thickness values were calculated by subtracting the top of bedrock elevation from 
the water-level elevation within individual surficial deposit wells. These values 
were plotted and hand contoured. 

Plate 6 presents the saturated thickness difference within the unconsolidated 
surficial deposits during 1993. The saturated thickness difference at each well was 
calculated by subtracting the lowest groundwater-level elevation recorded during 
1993 from the highest groundwater-level elevation recorded during 1993. If a well 
was ever recorded “dry” during 1993 then the top-of-bedrock elevation was used as 
the lowest groundwater-level elevation. Saturated thickness difference values were 
posted and contoured. 

0 Plate 7 presents the average depth to groundwater within the unconsolidated 
surficial deposits during 1993. Well data were censored prior to the construction of 
the average depth-to-water plate. Wells that exhibited “dry” reading frequencies 
greater than 50 percent were deemed dry (on average) for the 1993 period of record. 
These wells were posted as unsaturated. For wells with less than 50,percent “dry” 
reading frequency, the “dry” reading measurements were included in the average- 
depth-to-water calculation by using the depth to bedrock as a datum. Average- 
depth-to-groundwater values were posted and contoured. 

Plate 8 presents impermeable areas within’ the industrial area. This map was based on 
aerial photography and field inspections conducted in August of 1994. 

The Building Footprint, Foundation Drain, and Groundwater DiversiodExtraction 
System Map is presented in Plate 23. Locations of the building foundation depths, 
foundation drains, storm drains, and French drains were based on published 
information from the Draft Technical Memorandum-Operable Unit No. 8 (DOE, 
19941). The locations of the groundwater diversion structures were based on OU- 
specific reports such as the Draft Final Phase III RFI/RI Report OUl (DOE, 1992d), the 
Draft Final Phase I RFI/RI Report OU4 (DOE, 1994b), and the OU7 Final Work Plan 
(DOE, 1994e). The area affected by sanitary sewer infiltration was based on published 
information from the Sanitary Sewer Infiltrationhflow and Exfiltration Study (ASI, 
1991). 

The regional hydrogeologic cross sections (Plates 10 through 16) and stream profiles 
(Plates 17 through 20) were constructed using hydrogeologic data from monitoring 
wells and boring logs. The stratigraphic information presented on these cross sections 
and stream profiles was based on the Surficial Geologic Map of the Rocky Flats Site, 
Bedrock Surface Elevation Map, the Base of Weathered-Bedrock Elevation Map 
(Plates 4-1,4-4, and 5-10, EG&G, 1995a), and the 2nd and 4th Quarter Potentiometric 
Surface Maps of the Unconsolidated Surficial Deposits (Plates 2 and 3). The index 
mip showing the locations of the wells used to construct these cross sections and 
stream profiles is presented in Figure P- 1. 
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Groundwater Flow in Cross Section G-G' 

Equipotential contours and groundwater flow lines are shown on cross section G-G' to a 
illustrate patterns of groundwater movement .beneath the Rocky Flats pediment, 
including the Industrial Area. The cross section illustrates two-dimensional flow 
patterns (lateral and vertical) in an inherently three-dimensional flow system. Flow 
perpendicular to the section cannot be shown. Ideally, cross sections selected for 
equipotential mapping are located such that flow perpendicular to the section is 
minimized. For cross section G-G' this condition is met approximately, as 
potentiometric surface maps show that flow is approximately parallel to the trend of the 
cross section. 

Construction of Equipotential Lines 

The equipotential lines shown on cross section G-G' were constructed using water 
levels measured in monitoring wells during April 1994. In some portions of the cross 
section, the measured water level of a well completed in unweathered bedrock is within 
the screened interval, and vertical gradients calculated from the water table approach a 
value of 1.0 ft/ft. A vertical gradient greater than 1.0 suggests unsaturated flow 
conditions. Geologic logs of deep wells at Rocky Flats confirm that alternating 
intervals of wet and dry sediments are frequently encountered during drilling. These 
characteristics are indicative of a variably saturated flow system. However, in 
constructing hydraulic head contours for this cross section, it was assumed that the 
geologic section was completely saturated below the water table because detailed 
information regarding the locations of variably saturated strata could not be shown at 
the scale of the cross section. 

Construction of Arrows of Potential 

Potential flow lines are oriented perpendicular to equipotential contours. These flow 
lines are only meant to indicate the direction of groundwater flow and do not indicate 
the magnitude of flow. Darcy fluxes in the LHSU are much less than those in the 
UHSU due to the relative low permeability of LHSU geologic units. These arrows 
assume isotropic hydraulic conductivities of all hydrogeologic units. In reality, the 
hydraulic conductivity of hydrogeologic units at the Rocky Flats site may be anistropic 
(directionally dependent), with lateral hydraulic conductivity significantly greater than 
vertical values. Because limited testing data are unable to quantify the degree of 
anistropy, the flow lines were constructed assuming isotropic conditions. As a result, 
the flow arrows conservatively overestimate the potential for vertical flow. 

tp\28101 I\plates.doc 41 17/95 

1 
~~~ 



Plates 

Potential Groundwater Flow Patterns 

The hydraulic head contours and flow lines shown on cross section G-G' illustrate 
several important characteristics of the groundwater flow system at 'the Rocky Flats 
site. These characteristics include: 

. 

Predominantly lateral flow in the unconsolidated alluvial deposits and weathered 
bedrock of the upper hydrostratigraphic units, 

0 Zones of variable saturation beneath the Rocky Flats Industrial Area indicated by 
vertical hydraulic gradients that approach 1.0 ft/ft, and . 

0 Suspected faults that serve as apparent barriers to lateral flow in unweathered 
bedrock. 

No flow arrows are shown in areas where water-level data indicate that vertical 
gradients approach a value of 1.0 ft/ft because- of the variable saturated conditions 
which likely occur in these portions of the cross section. These variably saturated areas 
occur, for' example, in the vicinity of the intersection with cross section D-D'. 

Suspected faults appear to have an important influence on flow patterns in unweathered 
bedrock. Although locations and hydraulic characteristics of the faults have not been 
accurately determined, water-level data obtained in the vicinity of the faults have been 
used to infer several important flow characteristics. A zone of variable saturation is 
located east of each fault shown in cross section G-G' in the Industrial Area. West of 
each fault, water-level data indicate that the unweathered bedrock is fully saturated and 
under confined pressure. Apparently, groundwater west of a fault does not move 
laterally in sufficient quantities to fully saturate bedrock east of the fault. Groundwater 
in unweathered bedrock west of each fault moves vertically downward. Flow patterns 
in weathered bedrock and unconsolidated surficial deposits do not appear to be affected 
by faults. 

Groundwater Flow in Cross Section D-D' 

Equipotent.ial contours and groundwater flow lines are shown on cross section D-D' to 
illustrate potential patterns of groundwater movement beneath the Rocky Flats 
pediment, including the Industrial Area. The cross section illustrates two-dimensional 
flow patterns (lateral and vertical) in an inherently three-dimensional flow system. 
Flow perpendicular to the section cannot be shown, so cross sections selected for 
equipotential mapping are ideally located such that flow perpendicular to the section is 
minimized. For cross section D-D' this condition is met only approximately, as 

. potentiometric surface maps show that flow is generally parallel to the trend of the 
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cross section. Nevertheless, a qualitative representation of groundwater flow in the 
vicinity of stream channels incised into the pediment is represented. 

Construction of Equipotential Lines 

The equipotential lines shown on cross section D-D' were constructed using water 
levels measured in monitoring wells during April 1994. In some portions of the cross 
section, the measured water level of a well completed in unweathered bedrock is within 
the screened interval, and vertical gradients calculated from the water table approach a 
value of 1.0 ft/ft. A vertical gradient greater than 1.0 suggests unsaturated flow 
conditions. Geologic logs of deep wells at Rocky Flats confirm that alternating 
intervals of wet and dry sediments are frequently encountered during drilling. These 
characteristics are indicative of a variably saturated flow system. However, in 
constructing hydraulic head contours for this cross section, it was assumed that the 
geologic section was completely saturated below the water table because detailed 
information regarding the lqcations of variably saturated strata could not be shown at 
the scale of the cross section. 

Construction of Arrows of Potential 

Potential flow arrows are oriented perpendicular to equipotential contours. These flow 
lines are only meant to indicate the direction of groundwater flow and do not indicate 
the magnitude of flow. Darcy fluxes in the LHSU are much less than those in the 

These arrows UHSU due to the relative low permeability of LHSU geologic units. 
assume isotropic hydraulic conductivities of all hydrogeologic units. In reality, the 
hydraulic conductivity of hydrogeologic units at the Rocky Flats site may be anistropic 

$ 
q 
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(directionally dependent), with lateral hydraulic conductivity significantly greater than 
vertical hydraulic conductivity. Because limited testing data are unable to quantify the 
degree of anistropy, the flow lines were constructed assuming isotropic conditions. As 
a result, the flow arrows conservatively overestimate the potential for vertical flow. 

Potential Groundwater Flow Patterns 

The hydraulic head contours and flow lines shown on cross section D-D' illustrate 
several important characteristics of the groundwater flow system at the Rocky Flats 

I site. These characteristics include: 
/ 

Predominantly lateral flow in the unconsolidated alluvial deposits and weathered 
bedrock of the upper hydrostratigraphic units, 

Zones of variable saturation beneath the Rocky Flats Industrial Area indicated by 

i 
I 

i 
I '  ~. vertical hydraulic gradients that approach 1 .O ft/ft, and 
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Groundwater flow in the UHSU occurring from upland areas toward incised stream 
drainages. 

Vertical flow in the unweathered bedrock beneath the McKay and Upper Church 
ditches suggesting enhanced surficial rechairge. 

No flow arrows are shown in areas where water-level data indicate that vertical 
gradients approach a value of 1.0 ft/ft because of the variable saturated conditions 
likely indicated. 
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